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1.0 SUMMARY. A statistical comparison was made between two

automateA -devices which were used to count words,, sentences
rr

:and syllables (data points which are needed: in the Flesch-
...

.Reading Ease Score to determine the reading grade level of

written material). The devices are the Automated Flesch'

Count (AFC) developed by Kincaid and McDaniel and the 'Navy

Automated Counter (NAC) developed by the Navy to AeOuct'a

readability study of rate training and ,corresPondencel

manuals. Comparisons were made-between the speed and

reliability of the automated devices, and between the speedy

and reliability of each device and the manual, method of

counting data points.

Similar reliabilities were found for both of the.0,

devices and for the manual method. Counts made using 'the

deVices,^ however, were done almost twice as fast as countS,
v.

. .

done manually:. The NAC was 20% faster than the AFC;:'4ut

this difference mal; be largely attributed tO,M:,Or4dtie ,

e

advantage which the subjects using the NAC ha'tosaiW.

subjects using the AFC. Nevertheless,, for 'any rA441),2.11W. Ps:

study which involveS detailed Counting of w4ds,'-sent
. .,"

syllables, or similar data pointS/ use of an au6Aated,
. ,

device such as the.NAC orAFC is highly recommended as.bein

1. "

tile.most cost-effective technique available.

2.0 ACKNNLEDGEMENTS. This evaluation could not have been
;
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undertaken without those people Who patiently,cserved asf:.

',subjects. `It was particularly difficult for,them to count

data points manually after spending two-months u-Sin_

speedier(!and. mare convenient automated counting device.
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44,,- ,..

Conscientiously .asgisted in bpth the design and condUct of
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V,Center, who,witlip,ey explained the task to the subjects,
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tistical analysis; Mt. , ;.I McDaniel, who provided 'Comparison
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-v data; and ,CDR R. Biersner.,.MSC,:08N,whoassis-ted in the..: .

. ,

"stu4ydesi4n, edited thesnianuscript, and provided patient
,

anti essional
.
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3.0 PURPOSE, The purpose. of this report is tO.ptesent the
,

.

results of a comparison between two automated devices which

were used to count words, sentences,, and syllables. - These,

data points (words, sentences, nes, and syllables) are needed .in
. ', .

''' . '-some reading formulas for , determining the reading grad"-
.

,
._ leVel of written matgiial.,

'1'

.4 :0 BACKGROUND-. The' Chlef Of,Naval,Educatioli and Training
.

Y i ,* ,'s

Support (CNETS) recently-i-nitiated.a study.to1determintthe.

. , 7 \



JIpwling grade le of

Non- Resident Career Courses_iNRCCs14see_Reference..1-1!cL_

this---ea-dab-±-1±ty Working -group- was formed., _

After analyzing several measures of readability, the Read-

ability Working Group chose the Flesch Reading Ease score

(see Reference 2)'as the most valid and feasible measure to

use. The Flesdh Reading Ease Score required that a sample

of 25 or more pa ages be selected from each NRCC and RTM.

The passages we e from 100to 150 words dn length, and a

count had'to.be ade of the number of words, sentences and

syllables in each passage. Over 14,000 sample passages from
.,

188 NRCCs and 185 RTMs were counted during the course of the

study. At the initial, stage' of; this study the Readability

Working Group decided thai:tiSingla manual method (i.e., a

pointer to track position and summing the count by memory)

we highly, unreliable and extremely tedious for this

.number of passages. A search of the literature was con-
__

Jiv
ducted to find a better method, and two possibilities were

found. The first, was-the Automated Readability Index (ARI)

developed by Smith and Senter (see Reference 5). The ARI

consisted of a modified electric typewriter connected to a

tabulator which recorded the number of'strokes (letters),

words and sentences in a sample paisage as the passage; was

AverageAverage werd and average sentence length could then

be calculated, and these data used in a regression equation



to obtain reading grad`e level. The second method' was the

utomated-Flesda-Cadia see eference -3). The AFC

-1.1-Se kr simple arielectronic counter and met-

ronoMe--"--to-doUrit data points (syllables, words, and

sentences). These data points were counted in synchrony

with a metronome which actuated the counter. A manually,

controlled switch started and stopped the counter at the

beginning and end of each passage. A description of the AFC

may be found in Appendix A.

Some difficulties were associated with both of the

above methods. Although the ARI was highly reliable and
1

valid, it was not as cost-effective as the AFC. It would

have bqen necessary to purchase and modify ssveral electric

typewriters, and only specially qualified typists could have

operated the machines. The'major disadvantage of the AFC

was that the pers0 onnel who would be doing the counting would

be in the same room, and the noisefof eight t /twelve

metronomes operating simultaneously may have IJeen too

distracting to obtain 'a" `reliable count.

A third alternative, devised by the C9NETS.Readability

Working Group, was based, on the AFC principle. The met-

ronome was replaced by a stylus with a pressure-sensitive

dwitch. The stylus was designed like a pencil so that it

could be pointed at each:syllable, word, and sentlice to be

counted. Pressing the stylus against the page activated an

9



electro-mechanical counter which totalled each of the data
_

points. The specifications -for this- dev-i-ce-r--wh-i-eh-has--been

named the Navy Automated Counter (NAC), can be found in

Appendix B. The NAC was easy to operate, simple Xo con-

struct, quiet, and inexpensive.
8

Previous resultsL9,biggined by/McDaniel (see Reference 4)

have compared the AFC with mantel methods of 'counting words,

sentences, and syllables. McDaniel used eight college

students to count data 'points both manually and with'the

AFC. The vmple passages to be counted were twenty pare-

graphs 'of the "Minnesota Reading Examination for College

Studente, Forms A and B. The number of seconds taken to

'count the three sets of data points in each passage were

recorded, and reliabilities (determined through interanalyst

coefficients) were computed. Reliabilities for the three,

sets of data points Were high (over .89) for both the manual

and AFC methods. McDaniel. found that the AFC was sign.i-

ficantly faster than themanual method in counting syllables.

The AFC and the manual method were about the same, however,

in the number of seconds taken to count words and gentences.
.

A determination was. therefore made of the speed and

reliability of the NAC., The NAC waf'compared tob6,th the

manual and AFC methods. The, results of this comparison are

presented in the following paragraphs.

5'



5.0 METHOD. The following personnel, procedures, .nd data

were used or exaler-tedduring -this -aorapariqon

5-g1 Subject Person ". a a

the counting-tlere the same personnel who c011e ed the- -claia

points for the CNETS readability study mentio ed previously

in.paragraph 4.0. They included 15 females And one male who

were selected from 33 applicants by means a structured

screening process, including a reading s ill test. The mean
.

age of the subject personnel was 32.3 y ars (ranging from 18

to 56 years),. Formal:educatidnranged fm 12 to 18 years

(averaging 14.5 years). The education level of this group'

was comparable to the subjects used4Dy McDaniel.

5.2 Procedures. Because these subject perSonnel were

already committed to the CNETS readability study, it was

decided that a study similar to that condu6ted by McDaniel

was not feasible. The analysis was therefore shortened by

having these pesonnel count only ten passages (Form A) of

the "Minnesota Reading Examination for College Students"

instead of the 20 passages used by McDaniel. The subject

persohnel were asked to do theSd gounts during breaks in the

readability study. These personnel had already practiced
I -

the NAC method for about two months during the readability
/

study. In addition, they had previously counted the RTM and

NRCC materials for about, three days using the manual method.
4

They were, therefore, well practiced in both methods.

11
6
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The_sixteen subject personnel'were randoinly divided .

0 groups (1 -8 ana.aLIE)._.In_arder to_insuke-tizat the

two groups ad comparable counting skills for the manual and

NAC methods, both groups counted passage I manually and

passage ffusing the NAC. These counting methods were then

alternated for each group for passages III through X. Group

1-8 counted odd - numbered, passages madaally andkev&numbered

passages automatically. Groups 9-16 counted odd-numbered

passages automatically and even-numbered passages manually.

The syllables in each 'passage were counted first, folloWed

by a count of word and then a count of sentences. Table 1

,presents a graphic summary of the testing procedure used fOr

each groOp.

Since only ha/ of the sample passages used-by McDapi.el

were used in this' study, a new analysis of the McDaniel,data

had to be ma e. The original data were subsequently ob-

tained for/seven of the eight McDaniel subject personnel.

These data included the-number of seconds taken by the

McDapiel group to count the syllables, words and sentences

.1,.d the ten sample passages using the'manual and AFC
7 k'

0

/ A direct comparison of'data Could therefore be made

t(ne McDaniel group and the present group.

14.3 Statistical. Analyses.

thods.

between

-

The following comparisons

were tested for significant differences using conventional

t-tests (p .05;two- tailed):

7
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for

a. Mean reliability of counting words, sentences

and syllables between Navy groups 1-8 and 9-16 for passages

I (manual method) and II ;(NAC). Reliability was determined

using'the standard error of the mean.

b. Mean 'reliability between (1) the manual -

A.
method and each of t e automated methods (NAC and AFC)--and

ti
(2). between the NAC and AFC. Again, reliability was deter-

mined using the standard error of the mean.

c. Mean speed between the manual and automated

methods.or t.h.$, McDaniel group. 1,

d. Mean speed between the manual and automated

methods for the Navy group (groups.1-8 and 9-16 combined).

e. Mean speed of the manual method between the

Navy group and the McDaniel group.

114 fii.-Mean speed of the automated methods for the
.

Navy group and the McDaniel group.

6.0 RESULTS. The following paragraphs present the results

of these analys4s.
.

i

.c,

6.1 Comparison of Navy.Groups 1-8 and 9-16 for N .....

Reliability. ReliaJoilities between groups 1-8 and 9-16 on w:
.

passage,I (which was done by both groups-manually) and

'passage II (which was done by botph groups using the AC) are

presented on Table 2. The reliabilities of the two groups

in%ounting the data points manually and with the.NAC were



found to be similar. These findings indicate that the two

groups were counting the data points in a similar fashion

for both techniques (manual and NAC). Because of these

similarities, the two groups will be referred tp as a single

Navy group.

6.2 Comparison of Reliability Among Methods. This

comparison was made using passages III through X as counted

by the NN,,a, and McDaniel groups. The reliabilities of the

automated methods (AFC and NAC) in counting data points were

found to be similar to each other, as well as similar to thp

manual method. This finding replicates the results found

earlier by McDaniel (see reference 4).

6.3 Comparison of Speed Between Manual. and Automated

Methods. Table 3-presents the number of-seconds taken to

perform the pounts using the manual and automated methods.
4.

For the Navy group, syllables, words, and total count (the

tote/ number of seconds taken to count syllables, words, and -*

sentences pombined) were performed significantly faster by

the NAC than by the manual method. Speed for counting

sentences was the same using both methods. The McDaniel

group performed Syllables and total counts fadter w' the

-

AFC than the manual method, but counting words and se tences
,

was similar for both the AFC And manual methods. .

6.4 Comparison Between the Navy Group and the McDaniel

Group for Speed of Manual Methods. A determination was made

14
.9
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as to whether the two groups were equally fast in manually

counting words, sentences, and syllables. Statistics for

this comparison are shown on Table 4 for passages I,

and III through X combined s
. The Navy group was found to

manually count syllables significantly faster than the

McDaniel group (an average of nearly 1,minute and 2Q seconds

faster for each passage). This difference was so large that

total count was significantly faster as well. Speed for

counting words and sentences was, however, similar for the

two groups.

6.5 Comparison Be1weei the Navy Group and the McDaniel

Group for Speed of Automated Methods. A determination was

also made of whether the AFC and the NAC,methods differed in

speed. Statistics for the two groups on passages II through

X combined are shown on Table 5. The data in Table 5 show

that the NAC was significantly faster than the AFC for
/

counting syllables, words, and total count. The AFC.was

signIficanly faster than the NAC for counting sentences.
4:

It must be remembered, however, that the Navy group also

counted,syllables'and to dal count faster manually than the
.,

McDaniel group, and this effect may have made for faster

automated speeds.

7.0 DISCUSSION. The results show that the McDaniel and the
.

Navy groups'were equally reliable in counting the data

15
10

f
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4
points manually. It was also Tounat the counts from the

two devices were equally and-highly Iceliable, and comparable

in reliability to the manual method, twotwo groups were

also compared on the speed with which data points were

manually counted. If the groups;were equally, fast in

counting manually, then differences in-speed using the

automated methods would te the result of the devices and not
ti

of the subject personnel. It was found, howeVer, that the

Navy group was similar to the MclAniel-group in manually

counting word and sentences, but the Navy group. manually

counted syllables significantly faster, than the McDaniel

group. This difference in syllable count also made for a

faster total count. The faster syllable count may haveA -

resulted from the more extensivelpractice which the Navy

group had at Counting syllables prior to being tested on

these sample passages.

Subsequent comparisons of speed using" the automated

methods showed that the NAC counted words and syllables

faster than the AFC, while the AFC was faster than the NAC

in counting sentences. Inasmuch as the two groups were

compatable in manually counting words and sentences, it is

assumed that differences in automated wOrd and sentence

counts are related to the devices and not,to skill or
4

practice differences between the-groups. A.definite Con-

clusion about differences in syllable count between the two

12
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devices cannot\be made from these data because of possible

practice effects noted above for the manual method.

It should also'be mentioned that the NAC appeared to be

more adaptable to the_unique counting styles of the subject

personnel. Sotne subjects pointed at each data point and

others tapped the stylus on the table. In addition, the

subject personnel could easily stop counting midway through

a passage, and resume counting later without losing the

total count to that point.

Comparisons between the manual and automated methods'

.

showed that the AFC was significantly faster than the manual

method at c6 ting syllableS. This reduction in syllable

count reduced the total time to analyze the sample passages

by 45%. The NAC was equally effective in reducing the speed

of syllable counts, and- in addition the NAC was faster than

the manual method at counting words. The NAC reduced total

time bLy 46% over the manual method, and also reduced total

time by 20% over the AFC; largely becausd of the syllable

count differences which May have been related to a practice

effect.

The above time savings can be readily converted into
1/4

cost savings. The subject personnel were being paid ap-

proximately $3.00 per hour to count sample passages from

RTMs and VRCCs. If these personnel had counted the ,000

passages manually, it would have taken a total of 1,727
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4

hours, and cost a total of $5,181. To do the same number of

passages using the NAC, it would take 917:hours and cost

$2,751. The savings resulting from use of the NAC would be

$2,430. If the AFC had been used', it would have taken the

subject personnel' 1,082 hours, and cost $3,246. Total

savings accrued from using the NAC compared to the AFC would

be $4\95.00. As mentioned above, this savings may not be

valid because of practice differences between the two

groups.

1 /4
Many measure's, of reading grade levels depend on word

sentence, and syllable counts. Of the approximately 40

measures currently in use, at least half, including many of

the most popular measures such as FOG, INDEX, Flesch Reading

,Ease Score, FOrcast, Ride, and the Automated Reading Index,

depend on these.or simirar data points. These measures ale
..

often used in situations in which a large number of samples

must be analyzed. As long.as these measures remain popular,

automated methods (stich as the NAC) which improve the speed

and reliability of data point collection, will continue to. .

be extremely useful and cost effective.

As a_final note, although the NAC had been used primarily

to count words, sentences, and syllables, it does have

application in any situation in which simple#Counting is

required. The device has been used to score responses on

data sheets for research purposes, and is currently being

18
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. used by the Naval-Education and yraining Program Development

Center to score some advancement eNaMinations.
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TA-ha.. 2.'

.

Standard grrorsof the Means 'and' Ninety-Five
Percent Confidence InterVals....foi,Grourys

44 and 9-16; sentewe
count (Manual and. Am:tOpkted. Ilethods/-

r 1^

r

Syllableg
Group 1-8

Group 9-16

*Oka
Group d-8

'Group 9-16

SenteimPs
Group 1-8

Group 9-16.

tr 4

MANUAL (PASAGE..I1,

percent
Interval'

mean `Ninety -f .ve

Confidence

237.87 237.04 .236.70

`236.O0v. 250.43

173.37 172:95 173.479

173.62 . 170.41 17'6.83

9.0 8491 9.0b

9,00 8.91 9.09

NAC '(PASSAGE II)

7

Means
?

NinetytfivePercen)
Confidence Interval

--Syllables^
Group 1-8 210.62 , 210:01 - .211.23'

Grodp 9-16 . 210.62 . 209.63 211.61

Words
Group 1-S 12p.50 -129.04

Group 9-16 129.00' 128.54, 129..46

Sentences
..' Group 1-8 4.25 3.82 4.63

Group 9-16 '4.37 3.95 4.79

I

2 1
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TABLE 3

Comparison of Speed (in seconds) between the Manual and Automated
Methods for the Navy and McDaniel Groups (Passages III-x .

NAVY GROUP

Manual NAC

Syllables
Mean
S.D.

272.42
100.45

113.38
32.40

Words
Mean 120.30 76.48
S.D. 71.58 17.59

Sentences
Mean . 51. 45.97
S.D. 26,37 18.15

Total Count
Mean 444.14 235.92
S.D. 168.51 60.50

MCDANIEL GROUP

t-tests

11.96**
df126

4.72**
df=126

'ns

9.23**
df=126

Manual AFC t -tests

Syllables

.

Mean 357.34 139.27
S.D. 89.\34 31.39

Words
Mean 108.09 104.30
S.D. 40.98 32.19

Sentences 41,

Mean 42.43 34.79
/ S.D. 23.25 18.22

Total Count
Mean 506.96 278.35
S.D. 127.65 66.75

<4;

17.07**
df=110

ns

ns

11.77**-
df=110

** Indicates a significant difference between means at or below
the :01 level.

22



TABLE 4

Comparison between Navy and McDaniel Groups for Speed.
(in seconds)

Syllables
Mean
S.D.

Words
Mean
S.D.

Sentences
Mean

.

S.D.

Tdal Count
Mean

of Manual

NAVY
GROUP

Method
1.

v

(Passages

McDANiEL
GROUP'

I,

A

III-X).

t-tests

254.36
100.83

114.02
67.26

46.40
26.22

414.78
,167.28

342.60
94.27

105.17
40.17

40.86
22.78

4e7.84
132.34

5.39**
df=141

ns

h
r ns

2,40**
df=141

TABLE 5

Comparison between Navy and McDaniel Groups for Speed
(in seconds)

Syllables A

of Automated Methods (Passages II-X).

NAVY I McDANIEL
GROUP .(NAC) 0 GROUP (AFC) t-tests

. ,

,

Mean 102.81, , 132.59 4.95**
S.D. 36.2 35.22 df=141

Words
Mean 69.46 99.59 6.21**
S.D.

e

- 21.45 33.51 df=141

Sentences
Mean 41.0.5 33.38 2.43*
S.D. 19.59 18.09 df=141

Total Count
Mean 213.32 265.55" 4.25**

71.42 73.15 df=141

* Significant differences between means at or below the .05 level.

** Significant differences between means at or below/the .01.1,11
I
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AUTOMATED FLESCH COUNT

The Automated Flesch Count apparatus consists of a
Lafayette Instrument Cotpany Model No. 15019 Electronic.
Metronome, arLafayette Instrument Company Model No. 58004
Triple Date Recorder, and amaster. control box. -

The metronome'is controlled by a combination rate
control and on-off switch. The metronome produces a%canstant
rate of\clicks that depends on 'the setting of the rate- -

control' The rate of clicks May be varied from 4'0 beats,a-'
minute t approximately 208 beatg.\per minute.

N. 0 A

The master control box selects the proper element to be
counted,, i.e., syllables, words, or sentences. A hand-held
Switch is connected to the taster control' box to begin the
dount and end the 'dount. A toggle switch in the lower right
hand co net of the mastericontrol box is used tq control the
hand-hel switch. fihe hand-held switch is a push-on/push- .
off type witch. Its operation is similar to a retractable
ball poin pen. In the lower left hand corner is a red
pushbutt nswitch labeled SENTENCE COUNT. Th4 switch will
permits t e operator to.manually count elemerits. Each 'time
the swi ch is depressed -the selected display will advance by
one. ..

The triple displ y counter has three 4 digit displays.
They. are labeled as LLABLES, WORDS, AND SENTENCES. The e
selection ofthe di lay.being used is determined by selec-
tion.on the master ontrol box; To the right of each
display counter ri 'a,push button. Depression of this push
button, resets th t'diplay to zero. Each display is in-
dependently rese . AA on-off switch located on the triple
display counter, provides power to the unit. A red indicator,
light qlows.w n the equipment is turnedon.

1
This description provMed by W. McDaniel in 6Inter-Analytt

Reliability and Time MeaStares for Automated and Manual
Flesch Counts4! tReference,4).
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